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To identify when gerrymandering occurs, one can study compactness measures of districts.
After determining that some measures of compactness alone are insufficient to identify fair or
biased district boundaries, this study's investigation continues by focusing on wasted votes.
Using wasted votes, a procedure is developed and coded in R that takes a given congressional
district map and alters it to provide a redistricting of desired fair or partisan results.
Abstract
Gerrymandering derives its name from a politician named Elbridge Gerry, who, in 1812, signed
a bill allowing a district plan containing a suspiciously shaped district.
There are over 20 compactness measures. Many of them take some measurement of the
district under evaluation, use that measurement to construct a circle (the most compact two-
dimensional figure), and compare the district to that circle. While compactness measures are
effective at quantifying how spread out districts are, the idea that gerrymandering can be
thwarted through ensuring compactness is incomplete.
These two district plans have an equal number of blue and red voters, and the population
densities for both maps are uniform. Further, both maps use the same shapes for the districts.
The arrangement of the district shapes is all that differs between the two maps. This means
the compactness measures for both district plans are equal.
The district plan on the left results in 4 districts won by blue candidates and 4 by red.
However, the plan on the right results in 6 districts won by blue candidates and 2 red. This
second result does not reflect the overall even split of blue and red voters. Thus, compactness
alone is not enough to identify election rigging.
In the district plan on the right, more of the red votes are "wasted" creating a result that is not
"fair". This suggests that perhaps a measure involving wasted votes might help identify
problematic districting.
Gerrymandering
Wasted votes are calculated in one of two ways. 
Per district, if a party has won a district, then
This flow chart was created assuming access to both a district map and database containing 
county-level political and population information. It represents an algorithm for use in R that 
creates “fair” or “unfair” results given a goal and an initial district plan.
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Wasted Votes Flow Chart
When, at a dinner party the same year, an artist 
drew the oddly shaped district as a monster with 
claws and wings, a party-goer commented that 
the creature looked like a salamander. A poet 
then retorted,  saying it looked like a “Gerry-
mander” instead.
The Gerry-mander proved effective, giving the 
district-drawer’s party a majority the following 
election, despite the opposing party having more 
voters.
Because gerrymandered districts often have 
bizarre shapes, mathematicians have been able 
to create measures built around the idea of 
compactness to quantify how bizarre a district 
really is in shape.
Partisan Symmetry is an idea used in redistricting based on the belief that every voter has an 
equal opportunity to make use of their vote. What this practically translates to is that if x% of 
votes are for party A, then candidates from party A should win x% of the districts
The following argument illustrates a useful relationship between  Partisan Symmetry and 
wasted votes. Resulting implications of this relationship are also mentioned. 
Partisan Symmetry
Per district, if a party has lost a district, then  
Looking at our graphics to the right,
we see wasted votes always total 50% of the votes in a district. 
Black line is 50% of voters in district
Black line is 50% of voters in district
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